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Underwater video ..



A novel aPPr‘oach

e Collect a lot of video

e Systematically catalogued =
easily retrievable

e Managed as institutional
resource







Control Room - video recording &
preliminary analysis

Onshore -
video
archiving

Video Lab - comprehensive annotation



Toclay - scientific value

e Annotation expertise

e 27,000 hours of video

e Video Annotation and Reference (VARS) software
- e 6+ million observations

Central management & careful cataloguing =

e Exploration, discovery, biodiversity baselines,

[ 05052411 ESRTESETY . .
< long term monitoring

e 400+ peer-reviewed publications




Progrom deve\opmenJr history

External Data
Crude Controlled Refined dissemination Products
annotation annotation annotation (software + (DSG)
(VARS) data)
o o o @ @
1990 1995 2000 2005 2010 2015
640x480 720x486 1920x1080
SD analog SD digital HD digital
Beta SP videotape DigiBeta videotape D5 videotape

Single platform support - ROV video recordings

Single media type - TAPES



Program developmen+ history

External

Current project

. L Dat
Crude Controlled Refined dissemination ata
i ) Products . .
annotation annotation annotation (software + (DSG) Modern & versatile annotation
(VARS) data)
> 1990 1995 2000 2005 2010 2015
640x480 720x486 1920x1080
SD analog SD digital HD digital

Beta SP videotape DigiBeta videotape D5 videotape

Single platform support - ROV video recordings

Single media type - TAPES

MBARI Media Management (M3)

Multiple platform support - MiniROV, AUV, Rover, observatory, etc.

Multiple media types - TAPES, FILES, and STILL IMAGES



Exploring the Field

= Industry (news and film)

-> Institutions € NHK, CNN, KQED
€ Ocean Networks Canada (Neptune) € National Geographic
€ Okeanos Explorer (NOAA) ¢ WWF
€ Nautilus € Field experts: Adam WIlt, Larry
¢ WHOI (Alvin) Jordan
€ R/V Thompson, MARS cable network
€ Pacific Research Platform (Cinegrid industrial - Museums
collaboration) € USC Digital Library
€ Schmidt Ocean Institute €4 US Holocaust Museum
€ JAMSTEC € Smithsonian Institution
Archives

Relevancy, failures, success in technology and workflow



So .. what dd MBARI build?

1. Video Capture and Archiving




So .. what dd MBARI build?

1. Video Capture and Archiving

2. Video and Annotation

Management Services




So .. what dd MBARI build?

1. Video Capture and Archiving

2. Video and Annotation

Management Services
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V/DEO S/GNAL 1S ROUTED TO A
VIDEO CAPTURE BOX

Kim Fulton-Bennett (c) 2004 MBARI



Video Capture
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VIDEO FILES ARE WRITTEN TO A
RAID/LTO ARCHIVE

V/IDEO SIGNAL IS ROUTED TO A
VIDEO CAPTURE BOX jp SRRALZEELY 4

V/oEO ENCODING



Video Capture

VIDEO FILES ARE WRITTEN TO A
RAID/LTO ARCHIVE




Video Capture

Video is recorded in 15 minute chunks

BERERE o
BERERE -

V/DEO F/LES ARE WRITTEN TO A
RAID/LTO ARCHIVE



Video Capture

Video is recorded in 15 minute chunks

BERERE o

V/0EO FILES ARE WRITTEN TO A — 2 5 G B

RAID/LTO ARCHIVE
BERERE -

~ 2.5GB




Video Capture
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Each video has correct PO SO S QR
creation-time metadata ¢ & & & o

D N D D D
F & & & 4
BRE T o
BERRQE

VIDEO FILES ARE WRITTEN TO A
RAID/LTO ARCHIVE



Video Capture

140 dives/year
2 ships
8 hours/dive
4 videos/hour
2 versions/video

VIDEO FILES ARE WRITTEN TO A
RATIDL/LTO ARCHIVE

= 17920 videos/year



Video Capture

8960 ProRes

X 25 GB
+ 3960 H264
V/DEO FILES ARE WRITTEN TO A X 2 = 5 G B

RATIDL/LTO ARCHIVE

= 246400 GB/year
= 246.4 TB/year






Video Capture

VIDEO FILES ARE WRITTEN TO A
RAID/LTO ARCHIVE




Video Capture

FILE STORAGE /S MADE

SNEAKERNET AvAILABLE TO M3 SERVICES







manages Tramegran upioaas
from annotation apps

databases

Database

Database

File system

—_—

Web Server

Proxies REST services
Serves video files

RabbitMQ

communications

Annotation App
Uses only REST API's

Knowledgebase App

—‘--“—' Talks directly to the database. Post
changes to a concept name to
RabbitMQ

— T | ouer aee

Talks directly to the annotaticn
database, only uses "annotation
\.’lew‘TJLISl like current VARS. Uses KB
REST API for retrieving concept
information

Syncs KB changes w/ Annotations

KB posts changes to rabbitmq. This
&) service listens Tor changes and
7 updates ALL annotations (even if we

setup additional annotation
databases).



D)
F/LE STORAGE IS MADE - - i
AvAlLABLE TO M3 SErRvicEs  — T @ ) m3-registrar

Watches the filesystem for new videos.

| s Extracts metadata from new videos
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Watches the filesystem for new videos.

Extracts metadata from new videos
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M3 Microservices

°°°°°° WCH Image Service

= | Video Asset Service

== | Knowledgebase

User Service

== | Annotation Service




M3 Microservices
Toolkit for building video annotation applications

°°°°°° O Image Service

= | Video Asset Service

== | Knowledgebase

User Service

== | Annotation Service




Discrete microservices
s - A microservice

 — - provides a web API
| g - 0wns its own data |
e - does one thing and does it well

Independent of other services




Microservices pros:
1. Independent

a. Do not need to understand entire system

b. Services can be written in different programming languages
c. Use appropriate data-store (database, text file, NoSQL)

d. Easy to upgrade and deploy

m3_annotations -

/annoN1




Microservices pros:

1. Independent
2. Scalable

Proxy/Load-Balancer

e b G
g
$

/accountsivl -

/anno/v1

10)-4

‘m3_annotations




Microservices pros:

1. Independent
2. Scalable

Proxy/Load-Balancer
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Microservices pros:
1. Independent

2. Scalable

3. Language Agnostic

a. HTTP
b. REST
c. JSON

Python:
j = requests.get('
.json()

Matlab:
j = webread("

R:
j <= fromJSON(
readLines ('

")

")

')

Perl:
$j==0&&($C++,$C>=%$a&&($C=0));$j==2&&($C||($C=%a),$C--);
$j==3&&($R++,$R>=@B&&($R=0));$j==1&&($R||(SR=@B),$R--);}
KP($){push@S,shift}KJ(){pop@S||0}KX){@S[-1,-2]=@S[-2,-
1}IKR(O){push@S,$S[-
SO} 1KW(SSK"Z".$_[0]."Z,K{".$_[1]."}," IKG($N($_)=($a)=@_;y/\' />/;W$a
ma | XP(IS_J)"IKD($){($a)=@_;W$a,ZP Z.$a}KE($){($_)=($a)
= =@_;y/0123/>"<v/W $_,"N $a"};



http://portal.shore.mbari.org:6060/kb/v1/concept/Nanomia
http://portal.shore.mbari.org:6060/kb/v1/concept/Nanomia
http://portal.shore.mbari.org:6060/kb/v1/concept/Nanomia

Microservices pros:

1. Independent

2. Scalable

3. Language Agnostic

4. Easy to Customize (via Docker)

# Dockerfile

—> |— Dockerfile

— conf

—— application.conf
—— logback.xml

FROM mbari/annosaurus

ADD conf S$S{APP_HOME}/conf

ADD 1ib ${APP_HOME}/lib — lib
— postgresql-
EXPOSE 8080 42.2.5.jar

ENTRYPOINT ${APP_HOME}/bin/jetty-main



Microservices pros:

1. Independent

2. Scalable

3. Language Agnostic

4. Easy to Customize (via Docker)

docker build -t m3/annosaurus .
docker run -p 8080:8080 m3/annosaurus



manages Tramegran upioaas
from annotation apps

databases

Database

Database

File system

—_—

Web Server

Proxies REST services
Serves video files

RabbitMQ

communications

Annotation App
Uses only REST API's

Knowledgebase App
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setup additional annotation
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M3 Microservices

°°°°°° WCH Image Service

= | Video Asset Service

== | Knowledgebase

User Service

== | Annotation Service




— | Video Asset Service

Answers the questions:
Where is the video?
What recorded the video?
When was the video recorded?
What is the video’s deployment
1d?
... other video metadata



- Defines annotation terms
- Provides hierarchy (e.g. phylogeny)

Greatly improves consistency and
searchability of annotations

== | Knowledgebase



SPellinﬂ Maotters

Quiz time - Which is the correct spelling
for the cockatoo squid’s family?

00w

Cranchiidae
Cranciidae
Cranchida
Crancidae




SPellinﬂ Maotters

Quiz time - Which is the correct spelling
for the cockatoo squid’s family?

A. Cranchiidae




SPellinﬂ Maotters

Quiz time - Which is the correct spelling
for the cockatoo squid’s family?

A. Cranchiidae

Wouldn't it be great if you could just use
‘cockatoo squid’?




M3 Microservices

== | Annotation Service




AnaJromy of an Annhotation




AnaJromy of an Annhotation




AnaJromy of an Annhotation




AnaJromy of an Annhotation

(UUID)
E (Elapsed time)
(constrained by knowledgebase terms)
(date/time, position, CTD, description, etc.)




File system

— /your/archive

D

vampire-squid

vars-kb-server

User Applications

vars-annotation

vars-query

al




VARS/M3

VARS Knowledgebase

Relief

Originator: admin
Author:  FA
e VARS Query
CATAMI-Biota (80000000) Rfemamez
v @ Ascidians (35000000)
L4 Ascidians: Stalked (35000904, AS-| i
~ @ Ascidians: Unstalked (35000901)
Ascidians: Unstalked: Colonial (
@ Ascidians: Unstalked: Solitary (3
Bacterial mats (72000901)
foturbation (81000000) Opisthoteuthis sp. A
Bioturbation: Crawling traces (81 | | Names | Templates | Properties| Media | History
Bioturbation: Dwelling traces (81 | | Names
Bioturbation: Feeding traces (81
Bioturbation: Organism tests 62003000 Dosidicus
Bioturbation: Resting traces (810| = y = = = = G z 2 4 o
Bioturbation: Unknown origin (84
Bioturbation: Waste casts (81002) ot Ct 4
Brachiopods (19100000, BRAC)
Bryazoa (20000000) s ord
Cnidaria (11500000)
Crustacea (27000000)
Echinoderms (25000000) - 2
Fishes (37000000) squid | life-stage | * | juvenile
ellies (80600903) N A A
Ctenophores (12000000) — Berthot
Cubozoa (11150000) - - ety iorpesrialg:
Hydromedusae (11000901) < . ey ” . 1 Gall . -
Pyrosomes (35101000) 3 aopé i i
Salps (35100000) rimakiiteuth i Hawal 1, H n 3 . Histiote
Scyphozoa (11120000)
Siphonophores (11090000)
Macroalgae (80300000) .
Molluscs (23000000)
Sea spiders (33000000, PYC) I
Seagrasses (63600901)
Sponges (10000000)
Wormms (80600901)
v @ CATAMI-Physical (82000000)

Bedforms (82002000)
Relief (82003000 —
Relief; Flat (82003001)
Relief: High (82003005, RB-HI)
@ Relief: High (>3m) (82003005)
@ Relief: Wall (82003007)
Relief: Low - moderate (8200300]
Relief: Low (<1m) (82003003, RE
@ Relief: Moderate (1-3m) (82003
» @ Substrate (82001000) Namne:
v @ CMAR-Video
Aggregated mobile epifauna Author:
» @ Anthropogenic
» @ Dominant sessile epifauna Type: Primary
~ @ Geomorphology

v @ object (CSRO) =
» @ AARC-Coarse

Grimalditeuthis

Common ) Synonym ) Former

&

Knowledgebase Query



VARS Knowledoebase

VARS Knowledgebase

Search Relief 5

b e a,

Originator: admin

* @ object (CSRO) = Author  FA
» @ AARC-Coarse Rank:
" @ ARRC-Geo Reference:

~ @ CATAMI-Biota (80000000)
v @ Ascidians (35000000)
» @ Ascidians: Stalked (35000904, AS-
Ascidians: Unstalked (35000901)
@ Ascidians: Unstalked: Colonial {
@ Ascidians: Unstalked: Solitary (3
» @ Bacterial mats (72000901)
Bicturbation (81000000)
Bioturbation: Crawling traces (84 | | Names | Templates | Properties| Media | History
Bicturbation: Dwelling traces (81 MNames
@ Bioturbation: Feeding traces (81(
Bicturbation: Organism tests
Bicturbation: Resting traces (810
Bioturbation: Unknown origin (81
» @ Bioturbation: Waste casts (81002
@ Brachiopods (19100000, BRAC)
@ Bryozoa (20000000)
Cnidaria (11500000)
Crustacea (27000000)
@ Echinoderms (25000000)
@ Fishes (37000000)
@ ellies (30600903)
@ Ctenophores (12000000)
@ Cubozoa(11150000)
@ Hydromedusae (11000901)
@ Pyrosomes (35101000)
@ 5alps (35100000)
Scyphozoa (11120000)
@ Siphonophores (11050000)
@ Macroalgae (80300000)
@ Molluscs (23000000)
Sea spiders (33000000, PYC)
Seagrasses (63600901)
@ Sponges (10000000)
» @ worms (80600901)
CATAMI-Physical (82000000)

4 Bedforms (82002000)
Relief (82003000
Relief: Flat (82003001)

ief: High (82003005, RB-HI)
@ Relief: High (>3m) (82003006)
@ Relief: wall (32003007)
Relief: Low - moderate (82003007
@ Relief: Low (<1m) (82003003, RE
@ Relief: Moderate (1-3m) (82003
@ Substrate (52001000) e

82003000

vYvvY oy

«vvwvww

v v

v

v

v CMAR-Video
» @ Aggregated mobile epifauna Author:
» @ Anthropogenic
» @ Dominant sessile epifauna Type: Primary Common Synonym Former

v @ Geomorphology
debris Alow - rubble hank aeomal + Ne FQ U

(e)> ¢ @

Mozilla Firefox

oa-idcvars-hba.it.csiro.au: X | +

@ oa-idc-vars-hba.it.csiro.au:8083, 133% - @ W

n @ m i

JSON  RawData  Headers
Save Copy Pretty Print

{
"name": "CATAMI-Physical",
"alternative_names": [
"82000000"
1.
"children": [

"name": "Substrate",
"alternative names": [
"82001000"

"children": [

"name": "Consolidated (hard)",
"alternative_names": [
"g2001001"

"children": [

"name": "Boulders",
"alternative names": [
"82001003",
"Su-BoL"
1
}
{
"name": "Cobbles",
"alternative_names": [
"82001004",
"SU-CoB"
1
I

"name": "Rock",
"alternative names": [
"82001002",
"SU-ROK"
1
b

"name": "Biogenic reef substrate",
"children": [

"name": "Coral reef substrate",
"alternative names": [
"SU-RCOR"




VARS Knowledgebase

E
Search

~ @ object (CSIRQ)

» @ AARC-Coarse

» @ ARRC-Geo
CATAMI-Biota (80000000)
Ascidians (35000000)
» @ Ascidians: Stalked (35000904, AS-
v @ Ascidians: Unstalked (35000901)
Ascidians: Unstalked: Colonial (

@ Ascidians: Unstalked: Solitary (3

» @ Bacterial mats (72000901)
v @ Bioturbation (81000000)
: Crawling traces (81
welling traces (81
eeding traces (81
rganism tests
esting traces (810)
Inknown origin (81
: Waste casts (81002]
Brachiopods (19100000, BRAC)
Bryozoa (20000000)
@ Cridaria (11500000)
Crustacea (27000000)
Echinoderms (25000000)
Fishes (37000000)
@ Uellies (30600903)

@ Crenophores (12000000)
Cubozoa(11150000)
@ Hydromedusae (11000901)
@ Ppyrosomes (35101000)
alps (35100000)
cyphozoa (11120000)
@ Siphonophores (11050000)
Macroalgae (80300000)
Molluses (23000000)

@ 5:a spiders (33000000, PYC)
» @ Seagrasses (63600901)
Sponges (10000000)
@ vorms (80600901)
~ @ CATAMI-Physical (82000000)

4 Bedforms (82002000)
clief: Flat (82003001)
v @ Relief: High (82003005, RB-HI)
Relief: High (>3m) (32003006)
Relief: wall (82003007)
v @ Relief: Low - moderate (8200300
@ Relief: Low (<1m) (82003003, RE
@ Relief: Moderate (1-3m) (82003
@ substrate (82001000)
~ @ CMAR-Video
@ Aggregated mobile epifauna
Anthropogenic
Dominant sessile epifauna

Glob @,

v @ Geomorphology
@ debris Flow - rubhle bank aeorma

Relief 8

Originator: admin
Author:  FA
Rank:

Reference

Names | Templates | Properties | Media | History
Names
82003000

Name:
Author:
Type:

Common Former

op

Primary Synonym

® update M0

¥ MBARI

Manterey Bay Aquarium
Research Institute

Search
E=

@ Iclob %‘

root)
avior
\ file
in zone
iical object (physical-object)
siological structure
»oundary
hemical
tquipment
Jeological feature
marine organism (marine-organism)
B Archaea
B Eubacteria
B cukaryota
v @ Animalia (metazoa)
» @ Annelida (annelid, worm)
» @ Arthropoda
» @ erachiopoda (lamp shel)
» @ Bryozoa (bryozoan, ectoproct, ectoprocta, mos
» @ Chaetognatha (arrow worm)
» @ chordata
» @ Cnidaria (cnidarian)
» @ Ctenophora tcomb jelly)
» @ Echinodermata (echinoderm)
» @ Hemichordata
v @ Wollusca
» @ Aplacophora
» @ Bivalvia (bivalve, clam, pelecypoda)
v @ Cephalopoda
v @ Colecidea
» @ Decapodiformes
v @ Octopodiformes (octobrachia)
v @ Octopoda
@ Cirrata (Cirrina)
» @ Cirroteuthidae
v @ Opisthoteuthidae
v @ Grimpoteuthis
@ Grimpoteuthis bath
@ Crimpoteuthis sp. 1
@ Grimpoteuthis sp. 4
@ Grimpoteuthis sp. §

» @ opisthoteuthis
» @ incirrata (incirrina)
» @ Vampyromorpha (Vampyromorpt
» @ Gastropoda (gastropod, snail
» @ Polyplacophora (Amphineura, Loricata)
@ scaphopoda (wsk shell)
» @ Nemertea (proboscis worm, Rhynchocoela, ribt
@ rhoronida
» @ Platyhelminthes (flatworm)
» @ Porifera (sponge)
@ sipuncula (peanut worm, shore worm, sipuncul:
» @ Xenoturbellida
» @ chromista (stramenopile)

Grimpoteuthis tuftsi

Originator: linda
Author:

Voss & Pearcy, 1990

Rank: species
Reference:
.- Templates Properties Media History
Grimpoteuthis tuftsi
Name: Crimpoteuthis tuftsi
Author:  Voss & Pearcy, 1990
Type: Primary '+ Common Synonym Former

fnew ®update I Delete




VARS Annotation




VARS Annotation Customizable
by each user




VARS Annotation

Constrained
vocabulary

00:00

00:09

00:01

Bird

sediment

Liparidae




VARS Annotation

00:15:00.

00:00:3:

00:09:3

00:01

00:10:39 Z 5 3 5 Bird

sediment

Add detalls to
each annotation

Liparidae




VARS Annotation

Capture Images
from Video




VARS Annotat

From: 2/21/2018

Doc Ricketts

Unknown
Ventana

i2ZMAP

s 0896

s 0921
> Ricketts 0928

Doc Ricketts 0953

http://m3 e.mbari.org/videos/N
era D Doc Ricketts
http;//m3.shore.mbari.org/videos/M3_{

Deployment Doc Ricketts O

Video

20170519T23115¢ ) 9 080

201705197 Frame Rate
20170519723 Video Type

17051972

Annotatior

CANC

EL




VARS Query

VARS &uer‘y o

Opisthoteuthis sp. A

something between 500 and e

Dosidicus theta: Enter minimum value Enter maximum value

) Dosidicus gigas, Humboldt squid
1200 meters. | o ——
Taonius
Teonius borealis, Teonius pavo

squid | life-stage | * | juvenile
\Abrali Lraliopsis fei

camera_platform: E
chief_scientist: -
dive_number: Ea
Position
Simple, Flexible Query tool m— -
p 1 y depth_meters: ¥ 1000 2000
latitude: Enter minimum value Enter maximum value
VARS Query

. . . longitude: ¥ " Enter minimum value Enter maximum vaive |l

- Find all squid eatin
. e phi: Enter minimum value Enter maximum value m

xyz_position_units:

squid, ia
yed squid, Cranchia, Cranchia megalops,
s gigas, Enoploteuthidae, ire squid, Gal

this bonpland), Hawaiian fly

Q: Find all jellies seen on '
expedition IN2017.

ithis oligobessa, Prerygoteuthis, Prenygioteuthis hoylel
Stigmatoteuthis dofieini, swordfish squid, Taningia, Taningia danae, Taoninse, Taon:

oligo opalescens, Magnapinna,

des, Moroteuthis,

oteuthis, Octopoteuthis deletron,
boresifaponica, Onykia, Onyida

outhis danae,

ymatoteuthis,

Taorsus pavo, Teuthida,

Q: Find a particular species
of sea cucumbers on rocky

substrate. B



Video Asset
Manager

Fu+ur‘8 PFOO‘P "’\ﬁ Annotation service

Image Archiver

Knowledgebase
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Video Asset
Manager

Fu+ur‘8 PFOO‘P "’\ﬁ Annotation service

Image Archiver

Knowledgebase

Independently Evolving Components



Native Video Players for different needs




Integrate or Create Custom Annotation Applications

Car O pecesirion @ micycie @ Traftic Light ®  Pedestinn Signal ® | Crossvnix & | Instructions & Requirements

Qan ZvZZ016 252655




Video Asset
Manager

Annotation service

Novel APPIica+ion9

Training Set
Extraction

Example: Find all
annotations of Nanomia
bijuga and extract
Images from the video



Novel APPIicaJrions Annotation service

Automated Detector
and Classifier




Open-source

https://hub.docker.com/u/mbari/

@ o Proa
Repositories
o 0
public STARS
mbari/var ]
public STARS
public STARS
]
public STARS
nbari o
public STARS
m : o
peive TARS
bariftdpostg ]
public STARS
od orfc
STARS
]

nrivata

Using 17 et 20
Creats Repository +
281 >
PULLS | DEMAS
249 >
PULLS | DEmAS
242 >
pULLS | DEmas
201 >
PULLS | DEmAS
81 >
pULLS | DEmas
107 >
PULLS | BEmas
72 >
PULLS | DEmAS
69 >
pULLS | DEmas
64 >

https://github.com/mbari-media-management

Pull requests Issues Marketplace Explore .

annotation

V MBARI Media Management (M3)

UlRepositories 20 Pacele 1 Toams o Projects 3 Sottings
Pinned repositories Customize pinned repositores

e for seaving and resrievng wdsaimage

vars-annotation

ryom AL | Langogei - =3

Top &
Cthulhu o

Ntive video playback sspiicaton for W ® Jupyter Notebaok
@ Apache-20  Updsted 3 hours o

vars-annotation People i

rrotaton Appica

ware stack PR hohonuuli
8rian Schining

®una k3 V1 DAoxhe2d Ziswesnosdhen  Undeteda doy age

Invite somecoe.

annosaurus

Service for storing and retriveng videaimage annat
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